ABSTRACT Pattern division multiple access (PDMA) is a promising non-orthogonal multiple access scheme for the fifth generation mobile communication system. Link performance estimation technique is the key to ensure accurate performance evaluation of the PDMA uplink system. Although the belief propagation (BP) receiver with near-optimal performance is normally considered for PDMA uplink system, it remains a big challenge for the estimation of the link performance for the PDMA uplink system with the BP receiver. In this paper, we first propose a novel link performance estimation technique for the PDMA uplink system with the BP receiver. The performance of the BP receiver is estimated by utilizing the genieaided interference cancellation receiver as an upper bound with a single fitting parameter. Then, we provide a simple search process of finding the fitting parameter. Finally, the simulation results show that the proposed method achieves greater link performance estimation accuracy over the conventional method in the PDMA uplink evaluation.
I. INTRODUCTION
Pattern division multiple access (PDMA) is a novel nonorthogonal multiple access scheme to satisfy the requirements of massive connectivity and system capacity for the fifth generation (5G) mobile communication system [1] - [3] . In [4] , the principle, key technologies, application scenarios and system design aspects were presented for PDMA. Pattern matrix design method was studied for PDMA in [5] . In [6] , the BP receiver was proposed for the PDMA uplink system to provide near-optimal performance of the maximum likelihood (ML) receiver. At present, PDMA has been actively discussed in 3rd Generation Partnership Project (3GPP) as a promising candidate for non-orthogonal multiple access scheme for 5G new radio [7] , [8] .
The gains offered by PDMA scheme over orthogonal multiple access (OMA) scheme need to be proved before PDMA is deployed in a practical wireless system. Therefore, system level simulation (SLS) is necessary to be performed, which should account for the benefits of PDMA with advanced BP receiver. However, SLS incurs high computational complexity due to the characterization of the radio links between each user and base station. The link level simulations (LLSs) of all such radio links are impossible to be implemented. Therefore, we need to have an accurate and simple radio link performance estimation technique, which will serve as an interface between LLS and SLS to obtain accurate block error rate (BLER) performance evaluation of the PDMA uplink system and thus avoid extensive simulation.
The effective signal-to-interference-plus-noise ratio (SINR) mapping (ESM), which compresses multiple received SINR values to a single effective SINR value, has been widely utilized for orthogonal frequency division multiplexing (OFDM) system in several standardization bodies (e.g., IEEE 802.16m Task Group [9] and 3GPP [10] , etc.) Several ESM approaches have been studied in both industry and academic, such as the mean instantaneous capacity mapping [9] , the exponential-effective SINR mapping (EESM) [10] , and the mutual information effective SINR mapping (MIESM) [11] - [13] . The MIESM method has two variants: one is the received bit mutual information rate ESM (RBIR ESM) and the other is the mean mutual information per bit ESM (MMIB ESM).
However, none of the aforementioned methods can be directly applied to the PDMA uplink system. The EESM method requires the SINR on each subcarrier and its curve fitting parameter depends on code rate [13] . The EESM method can be applied to the OFDM system with a linear receiver, but it is not suitable for the PDMA uplink system with the non-linear BP receiver. The MMIB ESM method for multiple input multiple output-OFDM (MIMO-OFDM) system with the ML receiver [13] is restricted to MIMO antenna configuration with two transmitting antennas and two receiving antennas.
The RBIR ESM method for the MIMO-OFDM system with the ML receiver was proposed in [14] , which adopted linear interpolation of capacity bounds of genieaided interference cancellation (GIC) receiver and minimum mean-square error (MMSE) receiver to compute the perstream SINR. This method is called conventional GIC-and-MMSE (GM) method and can also be used for the PDMA uplink system as the BP receiver can provide near-optimal performance of the ML receiver [4] , [6] . However, the link performance estimation accuracy for the PDMA uplink system is poor due to large SINR fluctuations of the MMSE receiver when the number of resources is smaller than the number of users at high signal-to-noise ratio (SNR).
A. MOTIVATION AND CONTRIBUTIONS
The aforementioned literatures show that many research works have been done on the link performance estimation methods for the OFDM system. However, to the best of our knowledge, the link performance estimation method for the PDMA uplink system is still in its infancy. In this paper, we propose a new GIC-only (GO) link performance estimation technique for the PDMA uplink system with the BP receiver. The proposed GO method only utilizes the GIC receiver as an upper bound with a fitting parameter and does not use the MMSE receiver as the lower bound, which avoids the large SINR fluctuations of the MMSE receiver when the number of resources is smaller than the number of users. Compared with the conventional GM method, the proposed GO method can achieve higher link performance estimation accuracy. In addition, GO method has a simpler search process of finding the optimal fitting parameter with lower computational complexity. The primary contributions can be summarized as follows: 1) First, by utilizing the GIC receiver as an upper bound with a single fitting parameter, we develop a simple yet accurate link performance estimation technique for the PDMA uplink system with the BP receiver. Then, we
show that the conventional GM method in [14] has poor link performance estimation accuracy when the number of resources is smaller than the number of users due to large SINR fluctuations of the MMSE receiver. The simulation results show that the proposed GO method provides accurate link performance estimation for the PDMA uplink system under various simulation parameters, such as the number of users, PDMA pattern weights, cases with and without collision, and ideal and realistic channel estimations. 2) Additionally, we propose a simple search process of finding the optimal fitting parameter for the proposed GO method. Furthermore, we prove that the mathematical principles of the search process of the optimal fitting parameter in the proposed GO method and the conventional GM method are the same.
B. ORGANIZATION
The rest of this paper is organized as follows: In section II, the principle of PDMA and BP receiver, and the system model of PDMA uplink are presented. Section III reviews the conventional GM link performance estimation method. Section IV provides the detailed explanation of the proposed GO link performance estimation method for the PDMA uplink system with the BP receiver. Section V analyzes and compares the proposed GO method and the conventional GM method. In section VI, simulation results under different scenarios are provided to verify the accuracy of the proposed GO method. Finally, in section VII, conclusion remarks are given.
Throughout this paper, we use boldface lower-case symbols to indicate the vectors and use boldface upper-case symbols to indicate the matrices. Also, (·) −1 , (·) T , (·) H , and are denoted as inverse, transpose, Hermitian transpose, and Hadamard product, respectively. The k th diagonal entry of a matrix X is represented by [X] kk . I N ×N is an N × N identity matrix and E[·] denotes the expectation operation.
II. SYSTEM MODEL A. REVIEW OF PDMA AND BP RECEIVER
PDMA is proposed to alleviate the error propagation problem of successive interference cancellation (SIC) based multiuser non-orthogonal system. PDMA is based on the joint optimization design of transmitter and receiver, with nonorthogonal pattern of unequal diversity at the transmitter and (quasi-) equal diversity at the receiver. PDMA pattern defines the sparse mapping from data to a group of resources on multiple signal domains (including time, frequency, power, and spatial domain) to distinguish different users. A PDMA pattern is represented by a binary vector, where the number of '1' in the vector is defined as PDMA pattern weight d f . Each binary vector represents the PDMA pattern of one user.
consists of K users' PDMA patterns on N resources, which is given as
where
is the PDMA pattern of the k th user. Fig.1 illustrates a PDMA uplink network with PDMA pattern matrix G System overloading factor (SOF) is defined as α = K /N , which reflects the number of users multiplexed on the same resources of PDMA relative to that of OMA scheme. 
where three users are multiplexed on two REs [4] . Advanced BP receiver for multi-user detection is the key to achieve good performance of the PDMA uplink system. A factor graph of the BP receiver with the PDMA pattern matrix G [2, 3] PDMA in (2) is shown in Fig. 3 . CND, UND, and VND denote channel observation node, user node, and variable node, respectively. The j th CND corresponds to the received signal y j (j = 1, 2) on the j th RE. The k th UND denotes the k th user's data symbol x k (k = 1, 2, 3). The (k, i) th VND represents the i th data bit c k,i (i = 1, . . . , m) of the k th user, where m is the modulation level of the k th user. The soft information is transferred in the form of symbol log-likelihood ratio (symbol-LLR) between the UND and the CND, and in the form of bit-LLR between the UND and the VND [4] , [6] .
B. SYSTEM MODEL OF UPLINK
We consider a PDMA uplink system with one base station (BS) and K users, where the BS and each user have single antenna. OFDM modulation is used. A resource element group (REG) consists of N continuous REs and the number of REGs in an OFDM symbol is L. We assume that the bandwidth corresponding to L REGs is larger than the coherent bandwidth. As shown in Fig. 1 , the received signal y l ∈ C N ×1 on the l th REG at the BS can be expressed as
is the transmitted symbol vector; n l ∈ C N ×1 is the additive white Gaussian noise (AWGN) vector and modeled by
denotes the PDMA equivalent channel response vector from the k th user to the BS, whereh l,k ∈ C N ×1 is the uplink channel response vector, and g k ∈ C N ×1 is the PDMA pattern used by the k th user and corresponds to the k th column of the
PDMA . We assume uniform power allocation across all users with E[x l x H l ] = P S K I K ×K , where P S is the total transmit power. Furthermore, all channel matrices H 1 , · · · , H L are assumed to be perfectly known at the receiver. Later in Section VI-C, a realistic channel estimation will be considered.
III. CONVENTIONAL GM METHOD
In this section, we review the conventional GM link performance estimation method.
A. ALGORITHM STEPS OF CONVENTIONAL GM METHOD
The conventional GM method performs the following three steps to obtain the BLER, which is defined as the ratio of the number of transmitted but wrongly detected blocks and the number of transmitted blocks within an observation interval.
Step 1) Per-user SINR estimation (PUSE): On the l th REG (1 ≤ l ≤ L), the SINR value γ BP k,l of the BP receiver for the k th user (1 ≤ k ≤ K ) is estimated by the ratio of two capacity bounds of the GIC receiver and the MMSE receiver.
Step 2) Effective SINR mapping: The effective SINR value γ BP k,eff of the BP receiver for the k th user is obtained by the RBIR ESM method with the estimated γ BP k,l in step 1).
Step 3) BLER mapping: The BLER value P GM e,k is mapped from the effective SINR value γ BP k,eff in step 2) by looking up the table of AWGN link performance curves. The first step is the key to achieve good performance of the conventional GM method, which is depicted as follows:
As shown in [14] , the GIC receiver and the MMSE receiver are used as the upper capacity bound and the lower capacity bound of the BP receiver, respectively.
A fitting parameter β GM
for the k th user on the l th REG is introduced to denote the ratio of the capacity bounds as
), and C BP k,l = log 2 (1 + γ BP k,l ) are the information rates of the GIC, the MMSE, and the BP receiver for the k th user, respectively.
, and
, and γ BP k,l are the post-detection SINRs of the GIC, the MMSE, and the BP receiver for the k th user on the l th REG, respectively, which are given in [14] .
According to (4), the post-detection SINR γ BP k,l of the BP receiver for the k th user on the l th REG can be estimated as
The process of finding the optimal β GM k for the conventional GM method is illustrated in Fig. 4(a) , whereβ GM k denotes the optimal β GM k for the k th user. S, M , and P are the numbers of SNRs, channel realizations, and sub-frames, respectively. For a given channel realization H(m) (1 ≤ m ≤ M ), there are P AWGN samples n(p) (1 ≤ p ≤ P), which are generated independently within P sub-frames.
First, we run the LLS with the given simulation parameters such as modulation and coding scheme (MCS), PDMA pattern matrix, antenna configuration, channel, and the number of physical resource blocks (PRBs). Then, we can get the simulated BLER value P LLS e,k,s,m of the BP receiver for the k th user within P sub-frames on the s th SNR (1 ≤ s ≤ S) and the m th channel realization (1 ≤ m ≤ M ).
Second, we estimate the BLER from the conventional GM method with the same simulation parameters in the LLS. Then, we can get the estimated BLER value P GM e,k,s,m (β) of the BP receiver for the k th user with a given β (0 ≤ β ≤ 1) within P sub-frames on the s th SNR (1 ≤ s ≤ S) and the m th channel realization (1 ≤ m ≤ M ).
Furthermore, we denote P GM e,k (β) as the mean-square error (MSE) value of the BP receiver for the k th user between the simulated BLER P LLS e,k,s,m and the estimated BLER P GM e,k,s,m (β), which can be calculated by
Finally, we search the set of β within its range 0 ≤ β ≤ 1 to find the optimalβ GM k which results in the minimum MSE value asβ
However, the fitting accuracy of the conventional GM method for the PDMA uplink system with the BP receiver is poor due to large SINR fluctuations of the MMSE receiver when the SOF α is larger than 100% at high SNR, which will be shown in section V. Therefore, there is a need for an improved link performance estimation method which achieves accurate link performance estimation for the PDMA uplink system with the BP receiver.
IV. PROPOSED GO METHOD
In this section, we propose a new GO link performance estimation technique for the PDMA uplink system with the BP receiver.
A. ALGORITHM STEPS OF PROPOSED GO METHOD
The proposed GO method carries out the same steps as the conventional GM method does with the exception of the following two aspects. First, we propose a new PUSE technique in the first step, which only utilizes the GIC receiver as an upper bound with a single fitting parameter to estimate the post-detection SINR of the BP receiver for the PDMA uplink system. Second, we propose a simple search process of finding the optimal fitting parameter.
The key block of the proposed GO method is the postdetection SINR estimation of the BP receiver for each user.
First of all, we denote {γ BP k,l } K k=1 as the post-detection SINR values of the BP receiver for K individual users. As the true values of {γ BP k,l } K k=1 are unknown, we devise a simple upper bound to estimate them by assuming that interference from other users on the same REG is genie-aided cancelled at the receiver, which is called as the GIC receiver. The post-detection SINR of the GIC receiver for the k th user is given by
, h l,k is the k th column of the channel matrix H l in (3) and corresponds to the k th user on the l th REG.
It follows that γ BP k,l is bounded as 0 ≤ γ
As shown by Lemma 1 in Section V,
is not suitable for the lower bound due to large SINR fluctuations of the MMSE receiver when the SOF α is larger than 100%. As a consequence, we have
Therefore, we introduce a fitting parameter β GO
to denote the ratio of post-detection SINRs as
where β GO k is the same for all L REGs. Naturally, β GO k may be different for all K individual users. In this case, the search complexity is proportional to the number of users (K ). Fortunately, it has been verified that all users with the same PDMA pattern weight have almost the same post-detection SINR [4] - [6] . Therefore, we assume that all users with the same PDMA pattern weight d f have the same ratio in (11) above as
where n (1 ≤ n ≤ N ) denotes the set of user indexes with PDMA pattern weight d f = n. The procedure of the proposed GO method is depicted as follows:
Step 1) Per-user SINR estimation: On each REG, the SINR value of the BP receiver is estimated by the ratio of the upper SINR bound of the GIC receiver.
According to (12) , the post-detection SINR value γ BP k,l of the BP receiver for the k th user ( 
where γ GIC k,l is the SINR of the GIC receiver for the k th user on the l th REG, which is given in (8).
Step 2) Effective SINR mapping: From the estimated L
in step 1), the effective SINR value γ BP k,eff of the BP receiver for the k th user is obtained by the RBIR ESM method, which is calculated by
where I −1
RBIR (·) is the inverse mapping function of the RBIR and the RBIR value
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where I S γ BP k,l , Q k,l denotes the symbol mutual information with the modulation level Q k,l [13] .
Step 3) BLER mapping: We get the estimated BLER value P GO e,k of the BP receiver for the k th user, which is mapped from the derived SINR value γ BP k,eff in step 2) by looking up the table of AWGN link performance curves.
B. SEARCH PROCESS OF FINDING OPTIMAL PARAMETER
The process of finding the optimal β GO k for the proposed GO method is illustrated in Fig. 4(b) , whereβ GO n (1 ≤ n ≤ N ) denotes the optimal β GO k for the users in the set n . S is the number of SNRs and P is the number of sub-frames. In each sub-frame, the channel sample H(p) and the AWGN sample n(p) (1 ≤ p ≤ P) are generated independently.
We first run the LLS with the given simulation parameters such as MCS, PDMA pattern matrix, antenna configuration, channel, and the number of PRBs. Then, we can get the simulated BLER value P LLS e,k,s of the BP receiver for the k th user within P sub-frames on the s th SNR (1 ≤ s ≤ S).
We then estimate the effective SINR from the proposed GO method with a given β (0 ≤ β ≤ 1) and the same simulation parameters in the LLS. Thus, we can get the estimated BLER value P GO e,k,s (β) of the BP receiver for the k th user with a given β within P sub-frames on the s th SNR.
Furthermore, we denote P GO MSE,k (β) as the MSE value of the BP receiver for the k th user between the simulated BLER P LLS e,k,s and the estimated BLER P GO e,k,s (β), which is given by
Then, the average MSE value P GO MSE,n (β) for users in the set n can be calculated as
where | n | represents the number of users in the set n . Finally, we search the set of β within its range 0 ≤ β ≤ 1 to find the optimalβ GO n which results in the minimum MSE asβ
For the proposed GO method, the optimal β GO k depends on MCS, the number of users, PDMA pattern weight and whether there is a collision case, which will be verified in section VI. In general, the optimal β GO k is smaller with: a larger MCS, increasing of the PDMA pattern weight, and increasing of the number of users. In addition, the optimal β GO k in the collision case is smaller than that in the noncollision case.
V. ANALYSIS OF PROPOSED GO METHOD AND CONVENTIONAL GM METHOD
In this section, we analyze and compare the performance of the proposed GO method and the conventional GM method.
The PDMA uplink system in (3) is equivalent to a MIMO system with K transmitting antennas and N receiving antennas. Let d out (R, K , N ) be the diversity of the MMSE receiver where R is target efficiency, which is given by
where (·) + denotes max (0, ·) [15] , [16] .
Lemma 1: The diversity of the MMSE receiver in the PDMA uplink system is zero (i.e.,d out (R, K , N ) = 0) under the conditions of (20) and (21).
Equation (20) can also be rewritten as
Then, we have
Substituting (24) into (22), we can obtain
The proof is completed. (6) and (17) are equivalent) under the conditions of (26) and (27) .
Remark 1: Lemma 1 indicates that when the SOF is larger than 100% (i.e., α = K /N > 100%), the diversity of the MMSE receiver in the PDMA uplink system is zero with the target efficiency R in (20). The outage probability of the MMSE receiver does not decrease when the SNR increases, which results in large SINR

P(H,ñ) = P(H)P(ñ),
whereH is the channel realization andñ is the AWGN sample, P(H) = 1 M and P(ñ) = 1 SP are the prior probabilities ofH andñ respectively; P(H,ñ) = 1 SP is the prior probability ofH andñ.
Proof: For the conventional GM method, the MSE P GM MSE,k (β) in (6) can be further expressed as (28) where H is the channel variable and n is the AWGN variable; P MSE,k (β, H, n) denotes the MSE with variables β, H, and n; P MSE,k (β|H,ñ) denotes the conditional MSE givenH and n; and E H [·] and E n [·] are the expectations on H and n, respectively. For the proposed GO method, the MSE P GO MSE,k (β) in (16) can be further expressed as
where E H,n [·] is the expectation on H and n.
Substituting (26) into (29), we can get
From (17), (27) and (30), we have
The proof is completed.
Remark 2: Compared with the conventional GM method, the proposed GO method achieves greater link performance estimation accuracy with lower computational complexity since the post-detection SINR of the MMSE receiver is not required.
VI. SIMULATION RESULTS
A. PERFORMANCE OF PROPOSED GO METHOD VS. CONVENTIONAL GM METHOD
In this section, the link performance estimation results of the proposed GO method are compared with the conventional GM method. The link level simulation assumptions are given in Table 1 , where three simulation cases (CASE 1, CASE 2 and CASE 3) with SOF α of 150% are used to indicate the instantaneous channel power difference of each user in the SLS.
TABLE 1. Simulation Assumptions
The optimal β GM k and β GO k results of user 1 and user 3 are given in Fig. 5(a) . For the conventional GM method and the proposed GO method, the optimal β GM k and β GO k of user 1 are smaller than those of user 3 as the PDMA pattern weight of user 1 (d f = 2) is higher than that of user 3 (d f = 1). Taking the proposed GO method in CASE 1 as an example, the optimal β GO k is 0.875 for user 1 and 0.98 for user 3, respectively.
The MSE results of user 1 and user 3 are given in Fig. 5(b) . The MSE of the proposed GO method is smaller than that of the conventional GM method. For user 1 in CASE 1, CASE 2, and CASE 3, the MSE of the proposed GO method is reduced to 68%, 55%, and 22% of the conventional GM method, respectively. For user 3 in CASE 1, CASE 2, and CASE 3, the MSE of the proposed GO method is reduced to 64%, 75% and 56% of the MSE of the conventional GM method, respectively. Furthermore, for the proposed GO method in CASE 1, the MSE of user 3 is smaller than the MSE of user 1, which is reduced from 2.4% to 0.25%.
The above results are coincident with the analysis in section V that the proposed GO method achieves greater link performance estimation accuracy over the conventional GM method.
B. PERFORMANCE OF PROPOSED GO METHOD UNDER IDEAL CHANNEL ESTIMATION
In this section, the link performance estimation results of the proposed GO method under ideal channel estimation are compared under different scenarios. The simulation assumptions are given in Table I with the exception of the following three aspects. Fig. 4(b) , the channel samples and the AWGN samples are generated independently within P = 10000 sub-frames per SNR. 2) The PDMA pattern matrices in the non-collision cases with one, two, four, and eight users are given by 
1) As shown in
where the first four columns of G [4, 8] PDMA correspond to the four users in the set 2 with PDMA pattern weight d f = 2; and the last four columns of G [4, 8] PDMA correspond to the four users in the set 1 with PDMA pattern weight d f = 1. The first column of G [4, 8] PDMA is used in the one-user case; G [4, 2] PDMA,no is used in the two-user case; the first four columns of G [4, 8] PDMA are used in the four-user case; and G [4, 8] PDMA is used in the eight-user case. 3) The PDMA pattern matrix in the two-user collision case is given by
where the two users use the same PDMA pattern and the same REG simultaneously. The simulation results of the optimal β GO k and the MSE with the number of users are illustrated in Fig. 6(a) and Fig. 6(b) , respectively. First, the optimal β GO k is smaller with the number of users increasing as the detection performance of the BP receiver degrades when the number of users increases. The optimal β GO k is 0.99 in the two-user noncollision case, decreases with the number of users increasing, and reaches the minimum of 0.90 in the eight-user case with PDMA pattern weight d f = 2. Second, the optimal β GO k is smaller with PDMA pattern weight d f increasing as a user with a higher d f can be detected earlier in the BP receiver. In the eight-user case, the optimal β GO k is 0.92 for the four users in the set 1 with PDMA pattern weight d f = 1 and 0.90 for the four users in the set 2 with d f = 2. Furthermore, the optimal β GO k in the two-user collision case is smaller compared to the optimal β GO k in the two-user noncollision case (0.955 < 0.99) since collision leads to a little performance degradation.
In Fig. 7 , we show the BLER estimation results of user 1 in the two-user collision case and the two-user non-collision case under the ideal channel estimation. The MSE is 0.24% in the two-user non-collision case and 0.35% in the two-user collision case. For user 1 in the two-user non-collision case, we denote δ GO no as the relative BLER ratio between the estimated BLER P GO e,no (β GO k ) from the proposed GO method and the simulated BLER P LLS e,no from the LLS, which is given by
For user 1 in the two-user collision case, we denote δ GO col as the relative BLER ratio between the estimated BLER P GO e,col (β GO k ) from the proposed GO method and the simulated BLER P LLS e,col from the LLS, which is given by
In Fig. 8 , we compare the ratio δ GO no and the ratio δ GO col results in the two-user collision and non-collision cases under the assumption of ideal channel estimation. In the SNR range from −4 dB to 4 dB, the ratio δ GO col is always larger than the ratio δ GO no . For example, the ratio δ GO col is −9 dB and the ratio δ GO no is −10.8 dB when the SNR is −4 dB. Both of them decrease with increasing of the SNR as the proposed GO method is more accurate at high SNR and susceptible to noise at low SNR. For example, the ratio δ GO no is −10.8 dB when the SNR is −4 dB and reduces to −15 dB when the SNR is 4 dB. The ratio δ GO col is −9 dB when the SNR is −4 dB and reduces to −12.5 dB when the SNR is 4 dB. 
C. PERFORMANCE OF PROPOSED GO METHOD UNDER REALISTIC CHANNEL ESTIMATION
In this section, the link performance estimation results of the proposed GO method under realistic channel estimation are conducted and compared under different scenarios. The simulation assumptions are given in Table I except that linear MMSE (LMMSE) channel estimation algorithm [18] is adopted. Fig. 9 and Fig. 10 correspond to the same cases in Fig. 7 and Fig. 8, respectively . Fig. 9 presents the BLER estimation results of user 1 in the two-user collision and non-collision cases under the LMMSE channel estimation. Taking user 1 in the two-user collision as an example, the optimal β GO k under the LMMSE channel estimation is 0.87 and smaller than the optimal β GO k under the ideal channel estimation (0.87 < 0.955) due to the estimation error. In Fig. 10 , we compare the ratio δ GO no and the ratio δ GO col results in the two-user collision and non-collision cases under the LMMSE channel estimation. In the SNR range from −2 dB to 6 dB, the ratio δ GO col is always larger than the ratio δ GO no . For exmaple, the ratio δ GO col is −7.4 dB and the ratio δ GO no is −8.9 dB when the SNR is −2 dB. Both of them decrease with increasing of the SNR as the proposed GO method is VOLUME 5, 2017 more accurate at high SNR and susceptible to noise at low SNR. The ratio δ GO no is −8.9 dB when the SNR is −2 dB and reduces to −12 dB when the SNR is 6 dB. The ratio δ GO col is −7.4 dB when the SNR is −2 dB and reduces to -11.1 dB when the SNR is 6 dB.
Comparing Fig. 9 and Fig. 10 with the same cases in Fig. 7 and Fig. 8 , respectively, we first observe that the optimal β GO k under the LMMSE channel estimation is smaller than that under the ideal channel estimation. Second, the relative BLER ratio under the LMMSE channel estimation is larger than that under the ideal channel estimation. Furthermore, the channel estimation error has a little effect on the link performance estimation accuracy, which indicates that the proposed GO method can be applied to both the ideal and the realistic channel estimations.
VII. CONCLUSION
In this paper, we have proposed an accurate link performance estimation technique for the PDMA uplink system with the BP receiver. By utilizing the GIC receiver with a single fitting parameter β GO k to estimate the effective SINR and the corresponding BLER, accurate link performance estimation has been achieved. The proposed GO method is computationally efficient and allows for a simple search process of finding the fitting parameter β GO k . From simulation results, we have demonstrated that the proposed GO method achieves greater link performance estimation accuracy over the conventional GM method. Taking user 1 and user 3 with the PDMA pattern matrix G [2, 3] PDMA as an example, the MSEs of the proposed GO method are reduced to 68% and 64% of the conventional GM method, respectively, when the instantaneous channel power of user 1 is 3 dB lower than that of user 2 and 3 dB higher than that of user 3. Furthermore, the proposed GO method exhibits great resilience to collision and channel state imperfections under different number of users and overloading scenarios, which renders it attractive for practical applications. 
